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COMPLETE SPECIFICATION 

Hydroxy Alkoxy AlkyI Phosphites 



We, Pure Chemicals Limited, a British 
Company, of Stockpit Road, Kirkby Indus- 
trial Estate, Liverpool, Lancashire England, 
do hereby declare the invention, fox which 
5 we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed tc be particularly described in and by 
* the following statement: — 

This invention relates to tertiary phosphite 
•10 esters of polypropylene glycols. 

It is an object of the present invention 
5 to prepare novel phosphites. 

Another object is to prepare linear mono- 
meric tertiary phosphites from poryhydnc 
15 alcohol- 

It has now been found that these objects 
can be attained by preparing tertiary phos- 
phites having the formula 



R, 



HOCH 2 CH(OCH 3 CH)*0 grouping 

<3H a CH 3 
Examples of polypropylene gjyeol phos- 
phites within the present invention are tris- 
dipropylene glycol phosphite, tris-polypropyl- 
ene glycol 425 phosphite, tris-polypropylene 
glycol X025 phosphite, tris - polypropylene 
glycol 2025 phosphitf^ tris-polyproylene glycol 
3000 phosphite, bis-dipropylene glycol phenyl 
phosphite, bis-dipropylene glycol decyl phos- 
phite, bis-dipropylene glycol p-cresyl phos- 
phite, bis-dipropylene glycol octadecyl phos^ 
phite, bis-potypropyfcne glycol 425 phenyl 
phosphite, bis-polypro pykne glycol 425 decyl 
phosphite, bis-polypropyieue grycnl 1025 octa- 
decyl phosphite, dipropylene glycol bis-phenyl 
phospbire, dipropylene glycol bis-decyl phos- 
phite, dipropylene glycol bis-octadecyi phos- 
phite, dioropylene glycol bis o-cxesyl phos- 
phite, polypropylene glycol 425 bis-phenyl 
phosphite, polypropylene glycol 1025 bi*- 
decyl phosphite, dipropylene glycol phenyl 
decyl phosphite. 
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where R, is HOCHCH^OCH^OT^O 

and X is an integer of ar least 1 and R» and 
R, are the same as Ri m are aryloxy or 
alkoxy. Preferably R 2 and R, are the same 
as R a , Le,, all of them are polypropylene 
glycol residues. While Ri grouping is written 
as HOCHCfl 4 (OCH l CH) x O since the vast 

k& 9 CHd 
majority of the groupings present (e-g. about 
90%) will have this secondary alcohol rela- 
tionship, still there will be some units in the 
product having the HOCH 2 C33{OCElCH a ) i O 

ia ? cel 

grouping and other units will have the 



HOCHCH 2 OCH 2 CH 



CHr 




C 10 H2i- O 



The new phosphite esters have many uses. 
Thus, they are stabilizers for palyether poly- 
urethanes against oxidation and degradation 
(as demonstrated in retarding the yellow or 
brown color common to such urethanes which 
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have been exposed to air or light) and serve 
as plastidzers for polyurethanes, and the like. 

The txis-polypropylenc glycol phosphites 
are parricujarly useful. Because of their 
5 hydroxy! taction ality they are excellent for 
incorporation into urethane systems where they 
react^ with the isocyanate end groups in the 
growing polymer chain and thus become fixed. 
Dae to thfcir poly functionality they serve to 
10 also crosslink and strengthen the polymer 
chain. 

The txis-poJypropyiene glycol phosphites 
can also ha incorporated into epoxy resin sys- 
_ terns* Thus, tris-dipropylene glycol phosphite 
1:> can react directly in an epoxy system catalyzed 
preferably by an alfcyi amine. The tris-poly- 
propylene glycol phosphite can be prercacted" 
-with maleic anhydride or other polybasic acid 
or anhydride to give the corresponding acid 
20 ester phosphite ester which can react in many 
epoxy systems without additional catalyst. 

The tris-poiypropylene glycol phosphites 
also can be employed to form polyesters, e.g., 
by reaction, e-g. mole for mole with maleic 
25 anhydride, phthalic anhydride, dimethyl 
terephthaJate, fumaric acid, succinic acid, 
oxalic add, itaconic acid. 

The novel phosphites are also useful as 
lubricants, heat transfer fluids, hydraulic fluids 
30 and pump fluids. They have good fluid pro- 
perties, are insoluble in water and have in 
effect a built-in stabilizer and acid acceptor, 
They are also suitable as plastidzers in poly- 
ester systems and free radical formed sys- 
35 terns, eg., polymerized methyl methacrylaie. 
They can be used in existing glycol type 
lubricants and fluids. 

The polypropylene glycol phosphites are 
prepared by transestextfying a triaryl phos- 
40 phite or a trialkyi phosphite with a poly- 
propylene glycol. To prepare a rris poly- 
propylene glycol phosphite at least 3 moles 
of polypropylene glycol should be employed 
per mole of triaryl or trialkyi phosphite, 
45 Preferably a slight excess of the polypropylene 
glyco l is employed. To prepare bis poly- 
propylene glycol mono aryl or mono alkyl 
phosphites only two moles of polypropylene 
glycol are employed per mole of triaryl or 
50 trialkyi phosphite. To prepare mono poly- 
propylene glycol bis aryl or bis attyl phos- 
phites only one mole of polypropylene glycol 
is employed per mole of triaryl or trialkyi 
phosphite, When less than three moles of 
55 polypropylene glycol are employed per mole 
of triaryl or trialkyi phosphite there is some 
tendency for polymer formation as a by- 
product. Such by-products can be used in 
the same mann er as the monomeric products. 
60 As the polypropylene glycol there can be 
employed drpropylene glycol, polypropylene 
glycol 425 (polypropylene glycol having an 
average molecular weight of 425% polypropyl- 
ene glycol 1025 (polypropylene glycol having 
65 an average molecular weight of 1025), poly- 



propylene glycol 2025 (polypropylene glycol 
having an average molecular weight of 2025) 
and polypropylene glycol having an average 
molecular weight of 3000 or mixtures 
thereof. 70 

A& the triaryl or trialkyi phosphite there 
can be used for example triphenyl phosphite 
rri-o-cresyl phosphite, tri-r>cresyl phosphite, 
txi-m-cresyl phosphite, tri-xylenyl phosphite, 
tri-decyl phosphite, diphenyl decyl phosphite, 75 
and tri-ethyl phosphite. 

The reaction can be catalyzed by alkaline 
catalysts, e.g., 0.1 — 10% of sodium phenolate, 
sodium cresylate, potassium phenolate, sodium 
rnethylate, sodium decylate, "sodium dipropyl- 80 
ene glycolate or the like, or can be catalyzed 
with a diaryl or dialkyl phosphite, e.g., 0.1 — 
1% of diphenyl phosphite, di-o-cresyl phos- 
phite, di-p-cresyl phosphite, dimethyl phos- 
phite, diethyl phosphite didecyl phosphite, di- 85 
octadecyi phosphite. 

When alkaline catalysts are employed pre- 
ferably rhey have a pH of at least 11 m a 
0.1 N solution. 

Due to the fact that the alcohol groups 90 
in dipropylene glycol (and the other poly- 
propylene glycols) are secondary and hence 
relatively slow in reaction it is possible to 
prepare the rris polypropylene glycols having * 
three functional hydroxyl groups with a nrim- 95 
mum of cr035-linMng or polymerization. The 
rris polypropylene glycol products are in- * 
soluble and not subject to hydrolyric attack 
by water.. 

The higher polypropylene glycol phosphites 100 
can be prepared by reacting rris dipropylene 
glycol phosphite with propylene oxide. Re- 
action occurs at the free hydroxy sites and 
a tris polypropylene glycol phosphite results. 

Unless otherwise indicated, all parts and 105 
percentages are by weight. 



Example 1. 
Triphenyl phosphite 3100 grams (10 moles), 
diphenyl phosphite 15 grams (catalyst) and 
di-propylene glycol 4422 grams (33 moles, a 110 
10% excess) were heated in vacuo (10 mm.) 
at 120°C*. Phenol was collected (bp. 85— 
90°C 10 mm.). As the reaction proceeded 
the pot temperature was aHowed to rise to 
155°±5°C During this time, the distillate 115 
consisted of .pure phenol until about 80% 
of the.rhearetjcal amount was collected. 

Thereafter, it was rantaminated with 
increasing amounts of dipropylene glycol. 
The reaction was completed when 3250 grams 120 
of combined distillate was obtained. The pot 
residue after filtration through Filtered 
(Registered Trade Mark) (diatomaceons earth) 
was tris d^Hopylene glycol phosphite, a vis- 
cous colorless liqoid and had an nj> M 1,4610, 125 
sp gr» 1.097. 

Example 2. 
In the same manner as Example 1 there 
were reacted triphenyl phosphite 3100 grams 
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(10 males), diphenyl phosphite 15 grams 
(catalyst) and polypropylene glycol 425 in an 
amount of 12750 grams (30.3 moles). Heating 
« 7^ n , Can !™ td ml51 2780 BXtons of phenol 
-> (97% of theory) were recovered. The tris 
polypropylene glycol 425 phosphite left in 
the pot was a colorless viscous liquid and had 
an m>* fi 1.4535 and a D/ 5 1.028. 

Example 3. 
rt Polypropylene glycol 1025 (9235 grams, 
9.09 moles), triphenyl phosphite (930 grams, 
3 moles) and diphenyl phosphite (20 giams, 
catalyst), were heated together in vacuo with 
stirnng to a temperature of 210°C and 5 

15 mm. pressure. Phenol, m.p. 40°C was 
collected (816 grams). The mixture was then 

swept with nitrogen for 2 hours at 210 

220°C 10 mm pressure to complete the 
phenol distillation. An additional 34 grams 

20 was collected. Total yield of phenol, 850 
grams (846 grams theoretical -r- 18 grams 
from catalyst or a total of 864). The pot 
residue was allowed to cool to 150°C treated 
with clay and filtered to give tnVpolypropyl- 

25 eue glycol 1025 phosphite m almost theoreti- 
cal yield a liquid having the following pro- 
perties r 1.4515 Sp. Gi™ 1.022 

< t ^ Example 4. 

In a similar manner polypropylene elvcol 
♦ 30 2025 (18,216 grams, 9.09 moles), tripb^yl 
phosphite (930 grams, 3 moles) and diphenyl 
phosphite (50 grams catalyst) were reacted 
to give tris-polypropylenc glycol 2025 phos- 
phite in almost theoretical yield as a Hqmd 
35 having the properties: n»" 1.4501 Sp. G, « 
1.006. v 3 

Example 5. 

* JS ipropyfcinc C 884 616 moles) 

10% excess, tripheayl phosphite (610 grams, 

40 2 moles) and sodium (0.* g dissolved in a 
little dipropylene glycol) was reacted as des- 
cribed in Example 1. About 901% of the 
phenol was distilled out from the reaction 
mixture free of co-distilled dipropylene glycoL 

45 Towards the end of the reaction of a mixture 
of phenol and glycol was obtained. The pot 
residue after treatment with clay and subse- 
quent filtration was identical in every respect 
to material prepared as per example 1. 

50 Alkahne catalysts can also be employed 
with high polypropylene glycol to make the 
phosphite escers. 



WHAT WE CLAIM IS; — 

1. A process of preparing a polypropylene 
glycol phosphite comprising heating at least 55 
one mole of a polypropylene glycol with one 
mole of a triaryl phosphite or a trialkyi 
phosphite. 

2. A process of preparing a tris poly- 
propylene glycol phosphite comprising heat- 60 
mg at least 3 moles of polypropylene glycol 
with one mole of a triaryl or trialkyi phos- 
phite in the presence of a diaryl or dSfcyl 
phosphite as a catalyst or an alkaline catalyst. 

3. A process of preparing a bis polypropyl- 65 
ene glycol monoaryl or monoalkyl phosphite 
comprising heating two moles of poly- 
propylene glycol with one of a triaryl or tri- 
alkyi ghosphite in the presence of a diaryl 

or dialfcyl phosphite or an alkaline catalyst. 70 

4. A process of preparing a uronopoiy- 
propykne glycol diaryl or dialkyl phosphite 
comprising heating one mole of polypropylene 
glycol with one mole of triaryl or trialkyi 
phosphite, in the presence of a diaryl or 75 
dialtyl phosphite or an alkaline catalyst. 

5. A process according to claim 2, 3 or 
4 wherein the alkaline catalyst is a metal 
alcohoJate or a metal phenolate. 

6. A compound of the formula 80 

where is a polypropylene glycol residue 
having prEdomioanny the strucruxe 
HOCHCH a (OCH 3 CH) i O and X is an integer 

Ah, ch» 

of at least one and R 2 and R, axe selected 85 
from R„ alkoxy and aryloxy. 

7. Tris polypropylene glycol phosphites. 

8. Tns dipropylene glycol phosphite. 

9. Tns polypropylene glycol 425 phos- 
phite. 9Q 

10. Tri 5 polypropylene glycol 1025 phos- 
phite. 

11. Tris polypropylene glycol 2025 phos- 
phite. 

MARKS flc CLERK, 
Chartered Patent Agents, 
Agents for Che Applicants. 
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